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(57) ABSTRACT 

A three-dimensional structure element having a plurality of 
three-dimensional structural bodies and capable of being 
uniformly formed Without producing a dispersion in shape 
of the three-dimensional structural bodies, comprising a 
substrate (11) and the three-dimensional structural bodies (1) 
disposed in a predetermined effective area (20) on the 
substrate (11), the three-dimensional structural bodies (1) 
further comprising space parts formed in the clearances 
thereof from the substrate (11) by removing sacri?cing 
layers, the substrate (11) further comprising a dummy area 
(21) having dummy structural bodies (33) so as to surround 
the effective area (20), the dummy structural body (33) 
further comprising space parts formed in the clearances 
thereof from the substrate (11) by removing the sacri?cing 
layers, Whereby since the dummy area (21) is heated merely 
to approx. the same temperature as the effective area (20) in 
an ashing process for removing the sacri?cing layers to 
prevent a temperature distribution from occurring in the 
effective area (20). 
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THREE-DEMENSIONAL STRUCTURE ELEMENT 
AND METHOD OF MANUFACTURING THE 
ELEMENT, OPTICAL SWITCH, AND MICRO 

DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an element having 
a three-dimensional structure that is formed accurately on a 
substrate such as a silicon Wafer using a sacri?cial layer and 
a method of manufacturing the element. In particular, the 
invention relates to an optical sWitch that is formed using a 
sacri?cial layer and a method of manufacturing the optical 
sWitch. 

[0002] In recent years, a method of forming a sacri?cial 
layer on a substrate such as a silicon Wafer, forming a thin 
?lm structure patterned in a desired shape on the sacri?cial 
layer, and thereafter forming a desired three-dimensional 
structure by removing the sacri?cial layer has been attract 
ing attentions. Since it is possible to form a large number of 
?ne three-dimensional structures accurately and at a high 
density With this method, the method is suitable for manu 
facturing a spatial light modulation element and the like. 

[0003] As a method of removing the sacri?cial layer 
present betWeen the substrate and the thin ?lm structure in 
such a method of manufacturing a three-dimensional struc 
ture using a sacri?cial layer, Japanese Patent Laid-open 
Publication No. 2001-13426 and Japanese Patent Laid-open 
Publication No. 2001-129798 disclose use of a solution for 
Wet etching such as a hydro?uoric acid Water solution. 
HoWever, in the solution for etching like the hydro?uoric 
acid Water solution that uses Water as a solvent, a phenom 
enon in Which Water molecules adhere to the thin ?lm 
structure at the time of etching and the thin ?lm structure 
adheres to the substrate due to a surface tension of the Water 
molecules tends to occur. When the ?ne thin ?lm structure 
adheres to the substrate once, it is not easy to peel off the thin 
?lm structure. Thus, the thin ?lm structure may keep adher 
ing to the substrate after a dry process to make it impossible 
to obtain a desired three-dimensional shape. In particular, 
When a thin ?lm structure of a three-dimensional shape 
including a movable portion is formed, if the thin ?lm 
structure adheres to a substrate, a function of the movable 
portion cannot be performed. 

[0004] On the other hand, as another method of removing 
a sacri?cial layer, a method of removing a sacri?cial layer 
With a dry process such as ashing has been proposed. For 
eXample, When the ashing is used, it is knoWn that an organic 
resist ?lm is used as the sacri?cial layer. 

SUMMARY OF THE INVENTION 

[0005] According to the method of removing a sacri?cial 
layer using the dry process such as the ashing, since Water 
molecules do not adhere to the thin ?lm structure and the 
substrate, it is possible to prevent the thin ?lm structure from 
sticking to the substrate. HoWever, according to experiments 
performed by the inventors, it has been found that, in the 
removal method using the ashing, a large temperature dif 
ference occurs in an area Where the sacri?cial layer is 
sandWiched betWeen the thin ?lm structure and the substrate 
and an area Where only the sacri?cial layer is exposed on the 
substrate even if the areas are on the same substrate. More 

speci?cally, Whereas temperature reaches as high as several 
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hundred degrees at the time of the ashing in the area Where 
only the sacri?cial layer is eXposed on the substrate, tem 
perature does not rise to such high temperature in the area 
Where the sacri?cial layer is sandWiched betWeen the thin 
?lm structure and the substrate. 

[0006] It is surmised that such a large temperature distri 
bution occurs because of a distribution of reaction rates. In 
the portion Where the sacri?cial layer is sandWiched betWeen 
the thin ?lm structure and the substrate, since a gas supplied 
at the time of the ashing reacts With the sacri?cial layer 
While invading betWeen the substrate and the thin ?lm 
structure, the reaction proceeds sloWly. On the other hand, in 
the portion Where only the sacri?cial layer is placed on the 
substrate, a reaction rate is high because the gas reacts With 
the sacri?cial layer While coming into contact With the 
sacri?cial layer from an entire upper surface thereof Without 
stopping, and heat of reaction is generated rapidly. In the 
portion Where only the sacri?cial layer is placed on the 
substrate, since temperature reaches several hundred degrees 
at the time of the ashing, the temperature may be higher than 
substrate temperature at the time of formation of the thin 
?lm structure and heat treatment temperature. On the other 
hand, in the portion Where the sacri?cial layer is sandWiched 
betWeen the thin ?lm structure and the substrate, tempera 
ture does not rise to such high temperature. 

[0007] Consequently, for eXample, in the case of an ele 
ment in Which plural thin ?lm structures are arranged 
precisely in a part of an effective area on the substrate and 
the substrate is eXposed in a peripheral area of the part, high 
heat generated at the time of the ashing of the peripheral area 
is conducted to a peripheral portion of the effective area to 
bring the peripheral portion into a state of being subjected to 
high heat treatment. Consequently, in the effective area, 
there is a problem in that a difference occurs in a residual 
stress of the thin ?lm betWeen the thin ?lm structure in the 
peripheral edge and the thin ?lm structure in the center and 
?uctuation occurs in a shape of the thin ?lm structure or 
?uctuation occurs in an amount of distortion of the thin ?lm 
structure that utiliZes distortion by the residual stress. When 
the ?uctuation occurs in the amount of distortion, a drive 
unit for displacing the thin ?lm structure is required to 
change a drive signal for each amount of distortion, Which 
complicates a control system. 

[0008] It is an object of the present invention to provide a 
three-dimensional structure element including plural three 
dimensional structures, in a con?guration that the three 
dimensional structures can be formed uniformly Without 
causing ?uctuation in a shape of the three-dimensional 
structures. 

[0009] In order to attain the object, according to the 
present invention, a three-dimensional structure element as 
described beloW is provided. 

[0010] In short, the present invention provides a three 
dimensional structure element including: a substrate; and 
three-dimensional structures arranged in a predetermined 
effective area on the substrate, Wherein 

[0011] the three-dimensional structures have space 
portions, Which are formed by removing a sacri?cial 
layer, betWeen the three-dimensional structures and 
the substrate, and 

[0012] on the substrate, a dummy area is arranged to 
surround the effective area, dummy structures are 
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arranged in the dummy area, and the dummy struc 
tures have space portions, Which are formed by 
removing a sacri?cial layer, betWeen the dummy 
structures and the substrate. 

[0013] In the three-dimensional structure element, it is 
possible to form a portion of the dummy structures opposed 
to the substrate in the same shape as the three-dimensional 
structures. 

[0014] In the three-dimensional structure element, it is 
possible to form the dummy structures in a con?guration 
having columns for ?xing at least one section thereof to the 
substrate. 

[0015] In the three-dimensional structure element, it is 
possible to form the dummy structures in a con?guration 
having a thin ?lm covering the dummy area and plural 
columns arranged betWeen the thin ?lm and the substrate. 

[0016] In addition, according to the present invention, an 
optical sWitch as described beloW is provided. 

[0017] In short, the present invention provides an optical 
sWitch including: an optical Waveguide substrate; and a 
three-dimensional element substrate including displaceable 
re?ecting mirrors, Wherein 

[0018] the three-dimensional structure element sub 
strate has a substrate and three-dimensional struc 
tures arranged in a predetermined effective area on 

the substrate, 

[0019] the three-dimensional structures have the 
re?ecting mirrors and displacement portions on 
Which the re?ecting mirrors are placed, and the 
displacement portions have space portions, Which 
are formed by removing a sacri?cial layer, betWeen 
the displacement portions and the substrate, and 

[0020] on the substrate, a dummy area is arranged to 
surround the effective area, dummy structures are 
arranged in the dummy area, and the dummy struc 
tures have space portions, Which are formed by 
removing a sacri?cial layer, betWeen the dummy 
structures and the substrate. 

[0021] Further, according to the present invention, a micro 
device as described beloW is provided. 

[0022] In short, the present invention provides a micro 
device including displaceable thin ?lm three-dimensional 
structures, characteriZed in that 

[0023] the micro device has a substrate and the thin 
?lm three-dimensional structures arranged in a pre 
determined effective area on the substrate, 

[0024] the thin ?lm three-dimensional structures 
have space portions, Which are formed by removing 
a sacri?cial layer, betWeen the thin ?lm three-dimen 
sional structures and the substrate, and 

[0025] on the substrate, a dummy area is arranged to 
surround the effective area, dummy structures made 
of a thin ?lm are arranged in the dummy area, and the 
dummy structures have space portions, Which are 
formed by removing a sacri?cial layer, betWeen the 
dummy structures and the substrate. 
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[0026] Moreover, according to the present invention, a 
method of manufacturing a three-dimensional structure ele 
ment as described beloW is provided. 

[0027] In short, the present invention provides a method of 
manufacturing a three-dimensional structure element includ 
ing: 

[0028] a step of forming a sacri?cial layer and pre 
determined thin ?lm three-dimensional structures in 
a predetermined effective area on a substrate and 
forming a sacri?cial layer and predetermined thin 
?lm dummy structures in a dummy area surrounding 
the effective area; and 

[0029] a step of removing the sacri?cial layers in the 
effective area and the dummy area With a dry pro 
cess. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is an explanatory diagram shoWing a shape 
of an upper surface of a three-dimensional structure element 
including an effective area 20, a dummy area 21, an inef 
fective area 22 according to an embodiment of the invention; 

[0031] FIG. 2(a) is a plan vieW shoWing a shape of an 
upper surface of a three-dimensional structure 1 arranged in 
the effective area 20 of the three-dimensional structure 
element in FIG. 1; 

[0032] FIG. 2(b) is a plan vieW shoWing a shape of an 
upper surface of a dummy structure 33 arranged in the 
dummy area 21 of the three-dimensional structure element 
in FIG. 1; 

[0033] FIG. 3 is a sectional vieW along line A-A of the 
three-dimensional structure element in FIG. 2(a); 

[0034] FIG. 4(a) is a sectional vieW shoWing a shape of an 
optical sWitch that is constituted by superimposing the 
three-dimensional structure element in FIG. 1 and an optical 
Waveguide substrate 190; 

[0035] FIG. 4(b) is a sectional vieW shoWing a shape of an 
optical sWitch in a state in Which a re?ecting mirror 2 of the 
three-dimensional structure 1 is loWered by a LorentZ force 
in the optical sWitch constituted by superimposing the 
three-dimensional structure in FIG. 1 and the optical 
Waveguide substrate 190; 

[0036] FIG. 5 is a perspective vieW shoWing a shape of a 
part of the optical Waveguide substrate 190 of the optical 
sWitch in FIG. 4; 

[0037] FIGS. 6(a) to 6(g) are sectional vieWs explaining a 
process of manufacturing the three-dimensional structure 
element in FIG. 1; 

[0038] FIG. 7(a) is an explanatory diagram shoWing a 
shape of an upper surface in a state in Which tWo three 
dimensional structure elements in FIG. 1 are continuously 
formed; 

[0039] FIG. 7(b) is an explanatory diagram shoWing a 
sectional shape and a temperature distribution of respective 
portions in an ashing process in the state in Which tWo 
three-dimensional structure elements in FIG. 1 are continu 

ously formed; 
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[0040] FIG. 8(a) is an explanatory diagram showing a 
structure of an upper surface of the effective area 20 and the 
dummy area 21 in a case in Which dummy structures 34 of 
a different shape are used as the dummy structures in a 
three-dimensional structure element according to the 
embodiment of the invention; 

[0041] FIG. 8(b) is an explanatory diagram shoWing a 
structure of an upper surface of the dummy structure 34; 

[0042] FIG. 9 is an explanatory diagram shoWing a struc 
ture of an upper surface of the effective area 20 and the 
dummy area 21 in a case in Which dummy structures 35 of 
a different shape are used as the dummy structure in a 
three-dimensional structure element according to the 
embodiment of the invention; 

[0043] FIG. 10(a) is an explanatory diagram shoWing a 
shape of an upper surface in a state in Which tWo three 
dimensional structure elements not including dummy areas 
are continuously formed as a comparative example; and 

[0044] FIG. 10(b) is an explanatory diagram shoWing a 
sectional shape in a state in Which tWo three-dimensional 
structure elements of the comparative example are continu 
ously formed and a temperature distribution of respective 
portions in an ashing process. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0045] An embodiment of the present invention Will be 
explained With reference to the accompanying draWings. 

[0046] Athree-dimensional structure element according to 
this embodiment includes a substrate 11, an effective area 20 
provided in the center of the substrate 11, a dummy area 21 
surrounding the effective area 20, and an ineffective area 22 
around the dummy area 21. 

[0047] In the effective area 20, plural three-dimensional 
structures 1 are arranged, that is, sixteen three-dimensional 
structures 1 are arranged vertically and horiZontally, respec 
tively (16x16 three-dimensional structures 1) (in FIG. 1, for 
convenience of illustration, eight three-dimensional struc 
tures 1 are arranged vertically and horiZontally, respec 
tively). As shoWn in FIG. 2(a) in a plan vieW and as shoWn 
in FIG. 3 in a sectional vieW, the three-dimensional structure 
1 has a displacement portion 13 of a cantilever shape and a 
re?ecting mirror 2 placed at one end of the displacement 
portion 13. The displacement portion 13 has a con?guration 
in Which tWo thin ?lms of different materials are stacked and 
has tWo legs 52 at ends on the opposite side of an end Where 
the re?ecting mirror 2 is placed. The tWo legs 52 are ?xed 
to the substrate 11. In a state in Which no force is applied 
from the outside, the displacement portion 13 is bent as 
shoWn in FIG. 3 by an internal stress of the thin ?lms 
forming the displacement portion 13 to come into a state in 
Which the displacement portion 13 lifts the re?ecting mirror 
2 to a position apart from the substrate 11. In addition, a 
not-shoWn Wiring pattern layer is formed in the displace 
ment portion 13. On the substrate 11, a Wiring pattern layer 
58 is arranged in a position, Where the legs 52 of the 
displacement portion 13 are in contact With the substrate 11, 
and electrically connected to the Wiring pattern layer of the 
displacement portion 13 to feed an electric current to the 
Wiring pattern layer of the displacement portion 13. On the 
other hand, in a portion on the substrate 11 and beloW the 
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re?ecting mirror 2, a Wiring pattern layer 16 for generating 
a magnetic ?eld is arranged. With such a con?guration, an 
electric current is fed to the Wiring pattern layer of the 
displacement portion 13 and an electric current is fed to the 
Wiring pattern layer 16 to generate a magnetic ?eld, Whereby 
it is possible to draW the displacement portion 13 toWard the 
substrate 11 With the LorentZ force and loWer the re?ecting 
mirror 2 to the position of the substrate 11. 

[0048] As shoWn in FIG. 1, plural dummy structures 33 
are arranged in the dummy area 21 on the substrate 11. These 
dummy structures 33 are arranged to prevent the dummy 
area 21 from being heated to high temperature in a process 
of removing a sacri?cial layer in a manufacturing method to 
be described later. The dummy structures 33 are formed in 
the same shape as the displacement portions 13 of the 
three-dimensional structures 1 and have legs 352 that are the 
same as the legs 52 of the displacement portions 13. In 
addition, the dummy structures 33 are arranged vertically 
and horiZontally at the same pitch as the three-dimensional 
structures 1 in the effective area 20. HoWever, the re?ecting 
mirrors 2 and the Wiring pattern layers are not formed in the 
dummy structures 33 in order to simplify a con?guration 
thereof. Note that, in FIG. 1, in order to make it easy to 
distinguish the three-dimensional structures 1 from the 
dummy structures 33, dot patterns and hatchings are added, 
respectively, in the ?gure for convenience. FIG. 1 shoWs 
shapes of upper surfaces of the three-dimensional structures 
1 and the dummy structures 33. 

[0049] On the other hand, the three-dimensional structures 
1 and the dummy structures 33 are not arranged in the 
ineffective area 22 on the substrate 11. Although not shoWn 
in the ?gure, Wiring pattern layers 58 and 16 are arranged for 
draWing around Wiring. 

[0050] Next, a method of manufacturing a three-dimen 
sional structure element according to this embodiment Will 
be explained With reference to FIGS. 6A to 6G. 

[0051] In this embodiment, a Wafer-like silicon substrate 
is used as the substrate 11, a large number of the three 
dimensional structure elements in FIG. 1 are arranged 
tWo-dimensionally, and ?nally cut out to complete the 
three-dimensional structure elements. In FIGS. 6A to 6G to 
be referred to in the folloWing explanation, only a sectional 
part of one three-dimensional structure 1 of one three 
dimensional structure element is shoWn. HoWever, treat 
ments such as the ?lm formation, the photolithography, and 
the etching are applied to the entire Wafer-like substrate 11. 

[0052] First, a silicon oxide ?lm 57 is formed over an 
entire upper surface of the Wafer-like substrate 11 by a 
thermal oxidation method, an Al ?lm to be the Wiring pattern 
layer 58 and the Wiring pattern layer 16 is formed on the 
silicon oxide ?lm 57, and by the photolithography and 
etching, the Al ?lm is patterned into respective shapes of the 
Wiring pattern layer 58 and the Wiring pattern layer 16 (FIG. 
6A). A resist layer to be a sacri?cial layer 80 is formed over 
the entire upper surface of the Wafer-like substrate 11 in this 
state by application and baking, and an opening 80a is 
formed in a position to be the legs 52 by the photolithog 
raphy and the etching (FIG. 6(b)). 

[0053] Next, a resist layer 81 to be a sacri?cial layer is 
formed over the entire surface of the Wafer-like substrate 11 
in the state shoWn in FIG. 6(b) by application and baking, 
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and the resist layer 81 is left in a predetermined shape, for 
example, an island shape around the positions of the legs 52 
and in a position Where the re?ecting mirror 2 is placed, by 
the photolithography and the etching (FIG. 6(a)). This left 
sacri?cial layer 81 is arranged in order to form steps 59 and 
158 in the displacement portion 13 as shoWn in FIG. 3. It is 
possible to increase strength of the displacement portion 13 
by forming the steps 59 and 158. 

[0054] Next, according to steps of FIGS. 6D to 6F, the 
displacement portions 13 and the legs 52 are formed in the 
effective area 20 using an Al ?lm 73, an SiN ?lm 71, and an 
Al ?lm 72 and the dummy structures 33 having the same 
structure as the displacement portion 13 are formed in the 
dummy area 21. In this embodiment, as shoWn in FIG. 3, the 
displacement portion 13 is formed to be made up of three 
portions, namely, a base 61 Warped upWard, a tip portion 62 
Warped doWnWard, and a connecting portion 63 connecting 
the base 61 and the tip portion 62. The directions of the 
Warps of the base 61 and the tip portion 62 are set to be 
opposite in this Way, Whereby, even if a distance from the leg 
52 to the tip of the displacement portion 13 is long, it is 
possible to reduce a space betWeen the tip and the substrate 
11. Consequently, it is possible to sWitch a position Where 
the re?ecting mirror 2 is lifted to a position Where the 
re?ecting mirror 2 is draWn toWard the substrate 11, by a 
small LorentZ force. In order to realiZe the upWard Warp With 
internal stresses of the ?lms, the base 61 has a con?guration 
in Which the SiN ?lm 71 and the Al ?lm 72 are stacked from 
the base 11 side. Conversely, in order to realiZe the doWn 
Ward Warp, the tip portion 62 has a con?guration in Which 
the Al ?lm 73 and the SiN ?lm 71 are stacked from the base 
11 side. The connecting portion 63 is constituted such that 
these ?lms overlap partially. The legs 52 are formed inte 
grally With the base 61. Note that, When the Al ?lms 73 and 
72 and the SiN ?lm 71 are formed, the substrate 11 is heated 
to a predetermined temperature in order to control internal 
stresses of the respective ?lms. 

[0055] A speci?c procedure Will be explained. First, after 
anAl ?lm to be the Al ?lm 73 of the tip portion 62 is formed 
over the entire Wafer-like substrate 11 With vapor deposition, 
sputtering, or the like, the Al ?lm is patterned by the 
photolithography and the etching to have respective shapes 
of the tip portion 62 and the connecting portion 63 of the 
displacement portion 13 in the effective area 13 and the 

dummy structure 33 in the dummy area 21 (FIG. Next, after an SiN ?lm to be the SiN ?lm 71 of the base 61 

and the tip portion 62 is formed over the entire Wafer-like 
substrate 11 With the plasma CVD or the like, the SiN ?lm 
is patterned by the photolithography and the etching to have 
shapes of the base 61, the legs 52, and the tip portion 62 of 
the displacement portion 13 and the dummy structure 33 
(FIG. 6(6)). At this point, an opening is provided in the SiN 
?lm 71 in a position of a bottom of the opening 80a to be the 
legs 52. Consequently, the Al ?lm 72 and the Wiring pattern 
layer 58 to be formed next are connected. Further, after an 
Al ?lm to be the Al ?lm 72 of the base 61 is formed over the 
entire Wafer-like substrate 11, the Al ?lm is patterned to have 
shapes of the base 61, the legs 52, and the connecting portion 
63 of the displacement portion 13 and the dummy structure 
33 (FIG. With the procedure described above, the 
displacement portion 13 and the legs 52 having a shape, in 
Which the Al ?lm 72 of the base 61 and the Al ?lm 73 of the 
tip portion 62 overlap in the connecting portion 63, are 
formed. 
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[0056] Next, after a resist layer to be the sacri?cial layer 
82 is applied thick over the entire Wafer-like substrate 11 and 
baked, an opening of a shape of the re?ecting mirror 2 is 
formed by exposure and development in a position Where 
the re?ecting mirror 2 should be formed. Thereafter, Au, Ni, 
or another metal is groWn by electrolytic plating to ?ll the 
opening. Consequently, the re?ecting mirror 2 is formed. 

[0057] With the process described above, in the respective 
three-dimensional structure elements of the Wafer-like sub 
strate 11, as shoWn in FIG. 6(g), the portions of the effective 
areas 20 and the dummy area 21 have a structure in Which 
the displacement portion 13 and the dummy structure 33 are 
sandWiched betWeen the sacri?ce layer 80 and the sacri?ce 
layer 82. On the other hand, the portion of the ineffective 
area 22 has a structure in Which the sacri?cial layer 80 and 
the sacri?cial layer 82 are stacked directly. 

[0058] In this state, groove-like slits are formed in bound 
aries of the respective three-dimensional structure elements 
of the Wafer-like substrate 11 by dicing or the like. The slits 
do not completely cut the substrate 11 but is formed in a 
shape of a groove. Thus, the substrate 11 maintains the Wafer 
shape. 

[0059] Next, the sacri?cial layer 80, the sacri?cial layer 
82, and the sacri?cial layer 81 are removed by plasma 
ashing. Consequently, the displacement portion 13 in the 
effective area 20 and the dummy structure 33 in the dummy 
area 21 stand from the substrate 11 to form a three-dimen 
sional structure as shoWn in FIG. 3. 

[0060] In a plasma ashing process, heat of reaction is 
generated by a reaction of the sacri?cial layers 80 and 82 and 
the sacri?cial layer 81 and the plasma. In particular, in the 
ineffective area 22, since the sacri?cial layer 80 and the 
sacri?cial layer 82 overlap directly, the reaction With the 
plasma quickly develops from the entire upper surface to the 
substrate 11. Thus, an ashing rate is high. Consequently, heat 
of reaction is generated suddenly in the ineffective area 22, 
and temperature of the ineffective area 22 rises. On the other 
hand, in the effective area 20 and the dummy area 21, since 
the displacement portion 13 and the dummy structure 13 are 
sandWiched betWeen the sacri?cial layer 80 and the sacri 
?cial layer 82, after the sacri?cial layer 82 on the upper side 
is removed by the reaction With the plasma, the plasma 
reacts With the sacri?cial layers 80 and 81 While gradually 
invading from gaps of the displacement portion 13 and the 
dummy structure 33. Thus, a reaction rate of the effective 
area 20 and the dummy area 21 is loW compared With that 
of the ineffective area 22, and temperature of the effective 
area 20 and the dummy area 21 does not rise to high 
temperature like that of the ineffective area 22. When the 
inventors performed an experiment to check a temperature 
distribution of a substrate, as shoWn in FIG. 7(b), tempera 
ture of the ineffective area 22 rose to high temperature of 
several hundred degrees, Which Was higher than a substrate 
temperature at the time of formation of the Al ?lms 73 and 
72 and the SiN ?lm 71 constituting the displacement portion 
13. On the other hand, temperature of the effective area 20 
and the dummy area 21 Was loWer than the substrate 
temperature at the time of formation of the ?lms. 

[0061] Since heat of the high-temperature ineffective area 
22 Was conducted to a portion Where the dummy area 21 Was 
in contact With the ineffective area 22, a temperature distri 
bution in the dummy area 21 occurred. HoWever, since the 
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heat of the ineffective area 22 Was not conducted to the 
effective area 20, the temperature distribution Was uniform. 
In this Way, by providing the dummy area 21 and preventing 
temperature rise in the dummy area 21, it is possible to 
prevent high heat generated in the ineffective area 22 from 
being conducted to the effective area 20. Consequently, in 
the ashing process, since temperature of the Al ?lms 73 and 
72 and the SiN ?lm 71 constituting the displacement portion 
13 in the effective area 20 does not rise to temperature higher 
than that at the time of formation of the ?lms uniformly, an 
internal stress of the 16x16 displacement portions 13 in the 
effective area 20 is kept in a state to be controlled by the 
substrate temperature at the time of formation of the ?lms. 
Thus, shapes of Warp of the 16x16 displacement portions 13 
do not ?uctuate, and it is possible to form all the displace 
ment portions 13 in a predetermined three-dimensional 
structure. Note that, in this embodiment, a Width of the 
dummy area 21 is kept at a Width of about 500 pm. By giving 
a Width of this level to the dummy area 21, heat generated 
in the ineffective area 22 is prevented from being conducted 
to the effective area 20 signi?cantly. 

[0062] Finally, by dividing the Wafer-like substrate 11 in 
positions of the grooves in the boundaries of the three 
dimensional structure elements, individual three-dimen 
sional structure elements can be completed. Note that it is 
also possible to adopt a procedure for cutting off the sub 
strate 11 for each of the three-dimensional structure ele 
ments With the dicing before the ashing process and apply 
the ashing process to the individual three-dimensional struc 
ture elements. 

[0063] Note that, in the case of the con?guration in FIG. 
1 of this embodiment, since a part of the ineffective area 22 
is allocated to the dummy area 21, it is possible to reduce an 
area in Which heat generation is large at the time of the 
ashing. Compared With the case in Which dummy area 21 is 
not provided, a difference in temperature betWeen a portion 
of high temperature and a portion of loW temperature on a 
Wafer is reduced. Thus, heat generated in the ineffective area 
22 become less likely to be conducted to the effective area 
20, Which makes it easy to manufacture the three-dimen 
sional structures 1 With a uniform shape on the entire surface 
of the effective area. 

[0064] As a comparative example, When a three-dimen 
sional structure element of a structure not including the 
dummy area 21 Was created as shoWn in FIG. 10(a) to check 
a temperature distribution at the time of the ashing, the result 
Was as shoWn in FIG. 10(b). In the case of the con?guration 
of the comparative eXample shoWn in FIG. 10(a), since an 
area of the ineffective area 22 is large, temperature of the 
ineffective area 22 is higher than the temperature of the 
ineffective area 22 in this embodiment as shoWn in FIGS. 
7B and 10B. In addition, in the case of the comparative 
eXample, since the ineffective area 22 and the effective area 
20 are in direct contact With each other, heat of the ineffec 
tive area 22 is conducted to an outer peripheral portion (an 
area A in FIG. 10(b)) of the effective area 20 to cause a 
temperature distribution in the effective area 20. Conse 
quently, the area A of the effective area 20 is heated to 
temperature higher than the substrate temperature at the time 
of formation of the ?lms, and internal stresses of the ?lms 
constituting the displacement portion 13 change. Thus, 
?uctuation occurs in three-dimensional shapes of the 16x16 
displacement portions 13 of the effective area 20. Therefore, 
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even in the effective area 20, shapes of the displacement 
portions 13 become different depending on a place, and it is 
impossible to form the three-dimensional structures 1 having 
the same shape over the entire surface in the effective area 
20. 

[0065] Note that the method of removing a sacri?cial layer 
is not limited to the plasma ashing, and it is also possible to 
use ion ashing, dry etching, and the like. In this case, it is 
also possible to prevent heat of reaction of an ineffective 
area from being conducted to an effective area by providing 
a dummy area in a boundary of the effective area and the 
ineffective area. 

[0066] It is possible to form an optical sWitch by super 
imposing the three-dimensional structure element of this 
embodiment on an optical Waveguide substrate 190 in Which 
plural optical Waveguides such as optical Waveguides 193 
and 194 are formed as shoWn in FIG. 5. Although only a part 
of the optical Waveguide substrate 190 is shoWn in FIG. 5, 
a large number of optical Waveguides such as the optical 
Waveguides 193 and 194 are arranged in the optical 
Waveguide substrate 190 to cross in a diamond lattice shape 
at ?Xed intervals, and a groove 196 is formed to traverse a 
point Where the optical Waveguides intersect. Apitch of the 
16x16 three-dimensional structures 1 arranged on the sub 
strate is de?ned to coincide With the intervals of the points 
Where the optical Waveguides of the optical Waveguide 
substrate 190 intersect. Thus, by arranging and superimpos 
ing the three-dimensional structure element and the optical 
Waveguide substrate 190, it is possible to insert each of the 
re?ecting mirrors 2 of the three-dimensional structures 1 in 
the groove 196 in the position Where the optical Waveguides 
of the optical Waveguide substrate 190 intersect as shoWn in 
FIG. 4(a). Consequently, for eXample, in the case of the 
con?guration in FIG. 5, light propagated through the optical 
Waveguide 193 can be emitted from a facet 193b, re?ected 
on the re?ecting mirror 2, and made incident on a facet 194b 
of the optical Waveguide 194. On the other hand, by loW 
ering the displacement portion 13 of the three-dimensional 
structure 1 With the LorentZ force as shoWn in FIG. 4(b), it 
is possible to remove the re?ecting mirror 2 from the groove 
196 and, for eXample, advance straight the light propagated 
through the optical Waveguide 193 directly. In this Way, by 
controlling an electric current fed to the Wiring pattern layers 
58 and 16, it is possible to realiZe an optical sWitch that 
sWitches a traveling direction of light With the re?ecting 
mirror 2. 

[0067] Incidentally, in the embodiment described above, 
the dummy structure 33 is formed in the stacked structure of 
the Al ?lms 73 and 72 and the SiN ?lm 71 in the same 
manner as the displacement portion 13. HoWever, since the 
dummy structure 33 only has to set a reaction rate of the 
dummy area 21 at the time of the ashing to the same level 
as a reaction rate of the effective area 20, it is possible to 
constitute the dummy structure 33 With any one of the 
layers. 

[0068] A pattern shape of the dummy structure does not 
have to be the same as that of the displacement portion 13. 
It is possible to form the dummy structure in a shape in 
Which several displacement portions 13 of the three-dimen 
sional structure 1 are continuously formed as in the dummy 
structure 34 shoWn in FIGS. 8A and 8B and form the 
dummy structure in a siZe larger than the displacement 
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portion 13. In the example of FIG. 8, in order to prevent the 
dummy structure 34 from sticking to the substrate 11 at the 
time of the ashing or curling up to make the sacri?cial layer 
80 on the substrate 11 side easily subjected to the ashing, 
columns 35 for ?xing the substrate 11 are formed in plural 
places in the peripheral portion of the dummy structure 34. 
The columns 35 have the same con?guration as the legs 52 
of the displacement portion 13 and can be formed integrally 
With thin ?lms constituting the dummy structure 34. By 
arranging the dummy structure 34 in this Way, as in the 
dummy structure 33 described above, the dummy structure 
34 has an action of substantially equaliZing an ashing rate of 
the dummy area 21 With the ashing rate in the effective area 
20. Thus, it is possible to make a temperature distribution in 
the effective area 20 substantially constant. Note that, in this 
example, a Width of the dummy area is also set to 500 pm. 

[0069] An example of still another con?guration of a 
dummy structure Will be explained With reference to FIG. 9. 
In a dummy structure 36 in FIG. 9, the entire dummy area 
21 in the peripheral portion of the effective area 20 is 
covered by one continuous thin ?lm. Consequently, an 
ashing rate of the dummy area 21 is set smaller than that of 
the ineffective area 22. In the dummy structure 36 in FIG. 
9, the plural columns 35 are also arranged at ?xed intervals 
to prevent the dummy structure 36 from sticking to the 
substrate 11 at the time of the ashing or curling up to make 
the sacri?cial layer 80 on the substrate 11 side easily 
subjected to the ashing. Note that, in the example of FIG. 9, 
a Width of the dummy area 22 is set to about 1 mm. 

[0070] Therefore, in this embodiment, a shape of a dummy 
structure formed in the dummy area 21 is not limited, and 
any shape may be adopted as long as the dummy structure 
can cover the sacri?cial layer 80 to thereby set an ashing rate 
of the dummy area 21 smaller than that of the ineffective 
area 22. Thus, it is possible to select a shape and a dimension 
of the dummy area 21 freely. 

[0071] As described above, according to the present 
invention, since the dummy area 21 including dummy 
structures is arranged to be in contact With the outer side of 
the effective area 20, temperature of the dummy area 21 does 
nor rise to high temperature compared With the ineffective 
area 22 even during the ashing process and is not largely 
different from temperature in the effective area. Thus, in the 
three-dimensional structure elements 1 in the effective area 
20 after completion, there is no distribution in a residual 
stress, and amounts of distortion of the three-dimensional 
structure elements 1 after removing a sacri?cial layer are 
uniform. In addition, by constituting an optical sWitch using 
such a three-dimensional structure element, it is possible to 
control plural sWitching mechanisms With substantially the 
same control signal. 

[0072] Note that, in this embodiment, the three-dimen 
sional structure element, in Which the 16x16 three-dimen 
sional structures 1 are arranged tWo-dimensionally in the 
effective area 20, is described as a three-dimensional struc 
ture element. HoWever, in the present invention, the number 
of three-dimensional structures and an arrangement thereof 
are not limited to this con?guration. For example, the 
present invention is also effective for a shape in Which one 
three-dimensional structure is arranged for the entire effec 
tive area 20. 

[0073] In addition, as in this embodiment, it is possible to 
constitute a micro device other than the optical sWitch, such 
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as an infrared ray sensor or a digital mirror device, using a 
three-dimensional structure element including a three-di 
mensional structure of a desired shape. 

[0074] According to the present invention, it is possible to 
provide a three-dimensional structure element including 
plural three-dimensional structures, in a con?guration that 
the three-dimensional structures can be formed uniformly 
Without causing ?uctuation in a shape of the three-dimen 
sional structures. 

What is claimed is: 
1. A three-dimensional structure element comprising; 

a substrate; and 

three-dimensional structures arranged in a predetermined 
effective area on the substrate, Wherein 

the three-dimensional structures have space portions, 
Which are formed by removing a sacri?cial layer, 
betWeen the three-dimensional structures and the sub 
strate, and 

on the substrate, a dummy area is arranged to surround the 
effective area, dummy structures are arranged in the 
dummy area, and the dummy structures have space 
portions, Which are formed by removing a sacri?cial 
layer, betWeen the dummy structures and the substrate. 

2. A three-dimensional structure element according to 
claim 1, Wherein a portion of the dummy structures opposed 
to the substrate is formed in a same shape as the three 
dimensional structures. 

3. A three-dimensional structure element according to 
claim 1, Wherein the dummy structures have columns for 
?xing at least one section thereof to the substrate. 

4. A three-dimensional structure-element according to 
claim 1, Wherein the dummy structures have a thin ?lm 
covering the dummy area and plural columns arranged 
betWeen the thin ?lm and the substrate. 

5. An optical sWitch comprising: 

an optical Waveguide substrate; and 

a three-dimensional element substrate including displace 
able re?ecting mirrors, Wherein 

the three-dimensional structure element substrate has a 
substrate and three-dimensional structures arranged in 
a predetermined effective area on the substrate, 

the three-dimensional structures include the re?ecting 
mirrors and displacement portions on Which the re?ect 
ing mirrors are placed, and the displacement portions 
have space portions, Which are formed by removing a 
sacri?cial layer, betWeen the displacement portions and 
the substrate, and 

on the substrate, a dummy area is provided to surround the 
effective area, dummy structures are arranged in the 
dummy area, and the dummy structures have space 
portions, Which are formed by removing a sacri?cial 
layer, betWeen the dummy structures and the substrate. 

6. A micro device comprising displaceable thin ?lm 
three-dimensional structures, Wherein 

the micro device has a substrate and the thin ?lm three 
dimensional structures arranged in a predetermined 
effective area on the substrate, 
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the thin ?lm three-dimensional structures have space 7. Amethod of manufacturing a three-dimensional struc 
p0rti0ns, Which are formed by removing a sacri?cial tllfe element COIIIPIiSiHgI 
layer, betWeen the thin ?lm three-dimensional struc- a step of forming a sacri?cial layer and predetermined 
tures and the Substrate, and thin ?lm three-dimensional structures in a predeter 

mined effective area on a substrate and forming a 

0n the substrate, a dummy area is arranged to surround the Sacn?clal layer and Predetermlned thln ?lm dummy 
effective area, dummy structures made of a thin ?lm are structures In a dummy area Surroundmg the effecnve 

arranged in the dummy area, and the dummy structures area’ and _ _ _ _ _ 

have Space portions, which are formed by removing a a step of removing the sacri?cial layers in the effective 
sacri?cial layer, betWeen the dummy structures and the area and the dummy area Wlth a dry process‘ 

substrate. * * * * * 


